Background: The purpose of this study was to identify differences in both demographic and pathologic factors associated with the age-related rates of colorectal cancer (CRC) and overall survival (OS). Methods: The National Cancer Data Base (NCDB), 2004-2013, was queried for patients with CRC.
Introduction
In the US, the incidence of early onset colorectal cancer (CRC) for people under the age of 50 years has been increasing (1). This trend is alarming, with a statement highlighting its importance added to the most recent version of the National Comprehensive Cancer Network (NCCN) guidelines for colon and rectal cancer (2, 3) . Several causes for this increase have been described. From a biological perspective, more aggressive pathologic, molecular or genetic features have been identified which may be contributing to the increased incidence (4) (5) (6) (7) .
Original Article
Age-related rates of colorectal cancer and the factors associated with overall survival Changes in risk factors among younger adults over time, including diets higher in fat and increasing obesity, are also in part, contributing to this rising trend (8, 9) .
In addition to these biologic etiologies, disparities in access to care for diagnosis and treatment of CRC among young adults has also been described. Several studies have characterized differences in the treatment of CRC, including access to surgery and chemotherapy based on age, race, geographic location and other socioeconomic factors like insurance status and income (10) (11) (12) (13) (14) (15) . Importantly, differences in access to these treatments have been associated with worse survival outcomes for patients with early-onset CRC of minority racial populations (16, 17) . The purposes of this study were to identify differences in both demographic and pathologic factors associated with the age-related rates of CRC and to assess the interaction these variables on overall survival (OS) in early onset CRC.
Methods

Patients
Jointly sponsored by the American Cancer Society and the American College of Surgeons, the National Cancer Data Base (NCDB) captures approximately 70% of the country's cancer cases through its participating hospitals. A query of the NCDB 2006-2012 participant user files (PUFs) was performed to identify all patients with adenocarcinoma of the colon, rectosigmoid or rectum. At the time this study was performed, the NCDB provided data until 2013. Patients within the rectosigmoid and rectum PUFs were combined into a single group designated as rectum.
Patients with histology other than adenocarcinoma were excluded. For adenocarcinoma, the following International Statistical Classification of Diseases (ICD-O-3) codes were used: 8140-8148, 8200, 8260-8263, and 8480-8496. Patients were stratified by age (≤50 vs. ≥60 years), with ages 51-59 intentionally omitted from the analysis to minimize overlapping trends between these two age groups.
Patient factors reported in the NCDB include gender, race, ethnicity, income, education, insurance status, treatment facility type, geographic setting and Charlson-Deyo comorbidity score as a measure of comorbid conditions. Income is reported by the NCDB as the median household income based on zip code derived from the 2000 US Census. Similarly, level of education is captured in the NCDB as the proportion of residents in a patient's zip code who did not graduate high school, which is divided this into four categories based on the proportion who did not graduate high school: lowest (≥29%), low (20-28.9%), high (14.1-19.9%), and highest (≤14%). The Charlson-Deyo comorbidity score is based on a number of reported ICD-9-CM secondary diagnosis codes and is reported as a single cumulative summary score as 0, 1, or ≥2.
Pathologic variables included site of tumor as it pertains to colon cancer (right, transverse, left, overlapping or not specified), grade, clinical and pathological TNM stage, serum carcinoembryonic antigen (CEA) level, lymphovascular invasion (LVI), and perineural invasion (PNI). Site of tumor was not applicable for patients with rectal cancer. For the purposes of this study, CEA level was analyzed by normal or elevated. LVI and PNI were also analyzed as dichotomous variables. The inclusion LVI status as a variable in the NCDB began 2010, and therefore the analysis was limited to these years (2010-2013) for LVI.
As this study used a national de-identified database, this was deemed exempt from our institutional review board.
Statistical analysis
Patient characteristics were reported by age group (≤50 vs. ≥60 years) using means, medians and standard deviations for continuous variables; and frequencies and relative frequencies for categorical data. Comparisons were made using the Wilcoxon rank sum and Pearson Chi-Square tests for continuous and categorical variables, respectively. The Holm-Bonferroni method was used to control the familywise error rate within each analysis cohort.
OS was summarized by age group (≤50 vs. ≥60 years) using standard Kaplan-Meier methods and adjusted for Charlson-Deyo comorbidity status, where estimates of median and 3-/5-year OS were obtained with 95% confidence intervals (CI). Within each age group, the association between patient characteristics and OS were examined using Cox regression models. The models were fit using Firth's method and hazard ratios (HRs) were obtained from model estimates. In order to identify any age effect on these associations, OS was then modeled as a function of each patient characteristic, age, and their interaction using a multivariable stratified Cox regression model after adjusting for the Charlson-Deyo comorbidity score. The test about the interaction term evaluated whether the HRs associated with the given patient characteristics differ between the two age groups. Separate models were fit for each patient characteristic. For each model a test about the interaction terms was conducted, which evaluated whether the HRs associated with the given patient characteristic differed between the two age groups. All models were adjusted by the Charlson-Deyo comorbidity status (stratification factor). The HRs with corresponding 95% CI were obtained from model estimates using standard methods. All model assumptions and fit were assessed graphically using Schoenfeld and Cox-Snell residual plots.
All analyses were conducted in SAS v9.4 (Cary, NC, USA) at a nominal significance level of 0.05.
Results
A total of 670,030 patients met the inclusion criteria as described above. Of these, there were 488,121 patients with colon cancer and 181,909 patients with rectal/rectosigmoid cancer. Table 1 shows the patient demographic and tumor characteristics for the colon cohort, and Table 2 shows data for the rectum cohort stratified by age group (≤50 and ≥60 years). Because of the large sample size, nearly all of these variables reached statistical significance (unless otherwise specified). As to be expected for both colon and rectum, patients ≥60 years had higher Charlson-Deyo comorbidity scores and were more likely to have Medicare for insurance. Non-White races comprised a higher proportion of patients in the ≤50 years group. Patients ≤50 years had lower levels of education in the colon group. Regarding pathologic variables, patients ≤50 years had higher overall rates of stage III/IV disease, more LVI, and more PNI compared to patients ≥60 years.
The Kaplan-Meier curves for OS are shown in Figure 1 . The median follow-up was similar for patients with colon cancer and rectal cancer (62.4 and 62.1 months respectively). Overall, patients ≤50 years had superior outcomes to patients ≥60 years. For colon, the median OS for patients ≤50 years was not reached (NR) (95% CI: 127.5 months-NR) as compared to 57.5 months (95% CI: 57.1-57.9) for patients ≥60 years; and for rectum, the median OS was also not reached for ≤50 group compared to 59.1 months (95% CI: 58.5-59.7) for ≥60 group.
The multivariable analysis of patient demographic and tumor-related variables on OS for colon cancer when stratified by age is shown in Table 3 . Analyses were adjusted for the Charlson-Deyo comorbidity scores. The ≤50 and ≥60 groups HRs correspond to the variable for the respective age groups. The ≤50 and ≥60 P values correspond to the overall effect of the variable on OS for the respective age groups. The interaction column contains two P values: (I) the first P value (corresponding to the row where the HRs are 1.00) is an overall test of whether the effect of the patient characteristic on OS differs between age groups; (II) the remaining P values compare the specific HRs between age groups.
Most of the patient characteristics were significantly associated with OS, which in part may be due to the large sample size. Most strikingly, the association between many of these characteristics and OS differs between the age groups (i.e., have significant P values under the interaction column). The largest of these differences was observed for pathologic stage whereby stage IV disease had a significantly greater association on OS for patients ≤50 as compared to ≥60 (HR: 15.60 vs. 6.67, respectively). Other notable differences were found with respect to patients of Black/African American race and Hispanic ethnicity who demonstrated increasing tumor grade, elevated CEA, LVI and PNI. These interactions demonstrate that while having these factors is associated overall with poorer OS, the extent of the association was worse for patients ≤50.
The multivariable analysis of patient demographic and tumor-related variables on OS for rectal cancer when stratified by age is shown in Table 4 . The largest of the differences was again observed for pathologic stage whereby stage IV disease had a significantly greater association on OS for patients ≤50 as compared to ≥60 (HR: 20.72 vs. 6.13, respectively). Other differences were found with respect to Black/African American race, Hispanic ethnicity, lower income level, increasing tumor grade, elevated CEA, LVI and PNI.
Tables S2-S5 show the distribution of pathologic factors by race or ethnicity stratified by age group for colon and rectum, respectively. The pathologic factors differed to a greater extent in the rectum group than in the colon group. For the colon group, the site of disease was also statistically significant with African Americans having a nearly 10% higher number of right sided colon cancer compared to Caucasians in the ≤50 group (Tables S2,S3 ). In contrast, the proportion of African Americans and Caucasians with right sided colon cancer in the ≥60 group was similar.
Discussion
This study is the first that uses a large nationwide database to investigate both demographic and pathologic factors as they pertain to early onset CRC and OS. The incidence of early onset CRC in the US has been increasing as noted through other databases such as the Surveillance, Epidemiology, and End Results Program (SEER) database or the North American Association of Central Cancer Registries (NAACCR) dataset (1-3,6, 16, 18, 19) . While these studies have focused on either the disparate demographic aspects or the pathologic features associated with early onset CRC, our study sought to look at both sets of characteristics and determine the association of these variables with OS of patients ≤50 and ≥60 years. The current screening guidelines in the US recommend the age of 50 years to start screening the average risk individual and may therefore miss early onset CRC (20, 21) . In addition to issues related to the timing of CRC screening, behavioral factors are thought to contribute to the increased incidence of early onset CRC. Obesity and diet are associated with increased risk for CRC, and the rate of obesity among Americans has been reported to be as high as 34% (22) . Physical inactivity, lack of exercise, tobacco use and consumption of alcohol are also related to increased CRC risk (23, 24) . These behavioral risk factors are more pervasive in populations with lower socioeconomic status in the US, thereby reflecting a relationship of demographic disparities and behavioral patterns that is associated with CRC (25, 26) .
Pathologic factors associated with increased early onset CRC have also been studied, and these factors may explain why CRC presents at advanced stages for younger patients as we and other have shown (27) . These include tumor differentiation, LVI and PNI, which have been reported in other studies and were also included in our analysis (4, 28) . Signet-ring differentiation has been associated with poorer prognosis in patients with CRC (29, 30) . LVI and PNI have each been demonstrated to have prognostic significance in CRC (31) (32) (33) (34) . Our study provides the largest published cohort characterizing the association of both LVI and PNI on OS and supports its consideration in the prognostication of patients. Moreover, what is particularly novel with our The test about the interaction term evaluated whether the HRs associated with a given patient characteristic differ between the two age groups (interaction P value). CEA, carcinoembryonic antigen; LVI, lymphovascular invasion; PNI, perineural invasion; CCP, community cancer program. The test about the interaction term evaluated whether the HRs associated with a given patient characteristic differ between the two age groups (interaction P value). CEA, carcinoembryonic antigen; LVI, lymphovascular invasion; PNI, perineural invasion; CCP, community cancer program.
study is the analysis of these factors as they relate to patients with early onset CRC. Disparities in CRC care are becoming increasingly relevant in the US. For example, a recent study using the SEER database showed that OS for young patients with CRC was adversely associated with race whereby Black/ African American and Hispanic patients had worse OS across all pathological stages as compared to White patients (16) . Another study using the SEER database suggested that a reduction of racially-based treatment disparities may translate into improved survival for minorities (35) . These findings are important as they may have implications on the guidelines published by the United States Preventive Services Task Force (USPSTF), which recommend CRC screening at age 50 (36) . Other aspects of socioeconomic disparities, such as a lack of health insurance or being underinsured, have been shown to play a significant role in access to care including preventive services (37, 38) . These disparities may partly explain the increasing rates of early onset CRC, which often presents at an advanced stage as demonstrated by this and other studies (18, 39, 40) . This study is the first to examine not only racial disparities but also other important socioeconomic disparities, including income and education level, that are related to early onset CRC and their association with OS.
We acknowledge that there are limitations to the study. Regarding pathologic variables, LVI was included in the NCDB starting in 2010, and therefore the analysis with respect to LVI is more limited. In contrast, PNI was recorded in 2004. However, missing data and differences among contributing institutions with respect to pathologic analysis and interpretation are other limitations to the analysis. Table S1 lists the percentages of missing data within the colon and rectal PUF datasets. With respect to the disparities analysis, although the NCDB captures the majority of cancer cases in the US and allows for a robust statistical analysis, patients in minority populations or those with lower socioeconomic status may be less likely to be treated at the cancer centers participating in the NCDB. Therefore, the sample represented by the NCDB may be skewed toward White patients with higher socioeconomic status. While in general, the demographic variables included in the NCDB are quite comprehensive, the categories within each variable can be more limiting. For example, the NCDB uses the Charlson-Deyo comorbidity score as a measure of patient comorbidities, which is truncated to three values (zero indicates no comorbidities, one indicates a single selected comorbidity, and two indicate ≥1 of the selected comorbidities). Similarly, the NCDB has defined cutoff values for income and education derived from 2000 US Census data which are somewhat narrow and may be outdated in our study population.
Conclusions
In conclusion, this study reports new findings regarding both the pathologic and racial/socioeconomic disparities associated with age-related CRC and OS. Not only have younger patients presented at advanced stages (pathologic stage III/IV), they also had more aggressive biologic features including higher rates of CEA positivity, LVI and PNI. In addition, racial/socioeconomic disparities are also related to the increasing rate of early onset CRC and the poorer OS outcomes for minority patients. Interventions to address the disparities aspects of early onset CRC are highly needed. Earlier screening should be seriously considered in patients under 50 years who are African-American and Hispanic, as these populations present with more aggressive and advanced disease. Table S1 Percentage of missing data for selected variables (in Tables 1-4 Table S1 ) Table S3 Pathologic factors analyzed by ethnicity stratified by age group (≤50 and ≥60 years) for patients with colon cancer, based on available data (with missing data shown in Table S1 ) Table S4 Pathologic factors analyzed by race stratified by age group (≤50 and ≥60 years) for patients with rectal cancer, based on available data (with missing data shown in Table S1 ) Table S1) 
